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EFFECTS OF WING LIFT AND WEIGHT ON LANDING-GEAR LOADS 
By Dean C. Lindquist 


SUMMARY 


In order to investigate the effects of wing lift and weight on 
landing^gear loads, drop tests were made with a small landing gear in 
the Langley impact hasin. Wing lift was simulated in these tests by 
the mechanical application of a constant lift force to' the test speci- 
men throughout each impact. The tests covered a range of dropping 
weights between 1000 and 2500 pounds, wing lift factors between 0 
and 2.0, and vertical contact velocities between 0 and 12 feet per 
second. 

The results of this investigation show the variations of maximum 
landing-gear load, landing-gear load factor, and maximum upper-mass 
acceleration with changes in lift force and dropping weight at various 
vertical contact velocities. 


INTRODUCTION 


Although landing gears are generally designed and proof -tested for 
a specific landing condition, the aerodynamic lift forces and airplane 
weight at the instant of ground contact may vary over an appreciable 
range of values. For example, the specialized technique of landing 
aircraft aboard naval carriers can result in values of wing lift at 
contact with the carrier deck which may be appreciably greater or 
smaller than the weight of the airplane. In addition, many of the 
modem tactical military aircraft and some transport aircraft may be 
forced to make emergency landings in an overloaded condition, in which 
case the landing weight may be as much as twice the value of the 
minimum landing weight. Such large variations in wing lift and weight 
might be expected to have an appreciable effect on the magnitude of. the 
maximum loads developed in a landing gear during an impact. Very little 
information, however, is available on the effects of these variables on 
landing-gear loads. 

The purpose of this investigation is to determine the effects of 
wing lift and weight on maximum landing-gear loads by means of drop 
tests of a small landing gear in the Langley impact basin. Physical 



2 


MCA TN 2645 


simulation of wing lift was obtained by the mechanical application of 
predetermined lift forces to the test specimen throughout each impact. 
The tests covered a range of dropping weights between 1000 and 
2500 pounds, applied lift forces between zero and twice the value of the 
dropping weight, and vertical contact velocities between 0 and 12 feet 
per second. 

SYMBOLS 


Fg maximum landing-gear load, pounds 

g gravitational constant, 32.17 feet per second per second 

lift factor; ratio of lift force to total dropping 
weight 

M c effective mass of lift mechanism, 1.3 slugs 

n g landing-gear load factor; ratio of maximum landing-gear load 

J to weight of upper mass 

V v initial vertical contact velocity, feet per second 

o 

W T total dropping weight, pounds 

W u weight of upper mass, pounds 

y u maximum vertical acceleration of upper mass, feet per second 

per second 


APPARATUS 

Equipment 


The basic equipment used in the present investigation is the 
Langley impact-basin carriage (references 1 and 2) which incorporates 
a four-bar parallelogram linkage for effecting the controlled descent 
of the test specimen. The vertical member of the linkage to which the 
test specimen is attached is referred to as the boom and is adapted to 
receive loading weights in the form of lead bars in increments of 
50 pounds, as shown in figure 1. The minimum weight of the dropping 
mass including test specimen and instrumentation is 1000 pounds, which 
may be increased by the addition of the aforementioned lead bars to a 
maximum weight of 2500 pounds. 
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In order to simulate wing lift forces mechanically, the carriage 
incorporates a lift mechanism which is designed to apply any desired 
constant lift force up to 2500 pounds to the test specimen during an 
impact. The lift force is applied to the "boom hy means of a cable and 
sheave arrangement which connects the boom to the piston of a pneumatic 
cylinder in such a manner that the piston is forced to travel against 
the air pressure in the cylinder as the mass descends. Although the 
air pressure in the cylinder increases with piston travel, the incor- 
poration of a special cam-shaped sheave in the cable system results in 
the application of an essentially constant upward force to the dropping 
mass during the course of the impact. The effect of the inertia of the 
lift mechanism under accelerated conditions is equivalent to an increase 
in the total dropping mass of 1.3 slugs without, however, increasing 
the weight of the dropping mass. The amount of lift force exerted on 
the dropping mass depends upon the air pressure supplied to the cylinder 
before each test. The vertical lift rod which can be seen attached to 
the base of the boom in figures 1 and 2 is one of two such rods which 
form the lower-end connection of the cable system. Varying the height 
of free drop of the boom prior to the engagement of the lift mechanism 
permits the attainment of sinking speeds up to approximately 12 feet per 
second. 


Test Specimen 

The landing- gear tested was originally designed as a main landing 
gear for a small military training airplane which had a gross weight of 
approximately 5000 pounds. The gear is of cantilever construction and 
incorporates an oleo shock strut. A 27- inch-diameter type I tire is 
fitted to the axle of a half-fork yoke which is attached to the lower 
cylinder of the strut. 

The shock strut used in these tests had been modified for other 
investigations by removing the metering pin and replacing the original 
orifice with an orifice of smaller diameter. The size of the smaller 
orifice was calculated to produce approximately the same maximum 
landing-gear load factor as in the original design at a sinking speed 
of 10 feet per second. The details of the orifice and the internal 
arrangement of the shock strut are shown in figure 2. 

The total dropping mass is comprised of the upper or sprung mass 
and the lower or unsprung mass. The upper mass includes the outer 
cylinder of the shock strut and all the dropping mass above the cylinder. 
The lower mass consists of the Inner or lower cylinder, the shock-strut 
fluid, and the remaining parts of the landing gear which move relative 
to the upper mass when the shock strut is compressed. The weight of the 
lower mass wa s constant at 131 pounds. 
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Instrumentation 

The present investigation is "based primarily on measurements of 
upper-mass acceleration and initial or contact vertical velocity. 
Acceleration measurements of the upper mass were obtained by means of 
an unbonded strain-gage type of accelerometer having a natural frequency 
of 85 cycles per second. The vertical velocity of the landing gear at 
the instant of ground contact was determined by an impulse type of 
electromagnetic generator consisting of a permanent magnet attached to 
the upper mass which moved past a coil fixed to the carriage. The 
instant of tire contact was dete rmin ed by means of a microswitch 
recessed in the landing platform. A view of the landing gear and 
instrumentation is shown in figure 1. 

All instruments produced an electrical output which was recorded 
by an oscillograph. The galvanometers were da m ped to 65 percent of 
critical damping and had natural frequencies such that the response was 
essentially flat up to frequencies commensurate with the measuring 
instrumentation . 

The measurements obtained are believed to be accurate to within 
the following limits: 


Lift force, percent ±10 

Upper -mass acceleration, g ±0.13 

Initial vertical velocity, feet per second ±0.1 


TEST PROCEDURE 


In the present Investigation the carriage was restrained hori- 
zontally and used in much the same manner as a conventional drop test 
machine. The dropping mass was released from a given height and 
allowed to fall freely to obtain the desired vertical contact velocity 
before engaging the lift mechanism. The magnitude of the lift force 
was preset by inflating the pneumatic cylinder of the lift mechanism 
to the required pressure before each test. 

The tests were made with dropping weights of 1000, 1500, 2000, 
and 2500 pounds at vertical contact velocities ranging up to 12 feet per 
second and included wing lift factors of 0, 0.50, 0.75, 1.00, 1.25, 1.50, 
1.75> and 2.00. Because of equipment limitations, lift forces greater 
than 2500 pounds could not be applied; consequently, the higher lift 
factors could not be investigated for the larger weights. In the free- 
fall drop tests the lift mechanism was disconnected; hence, there was 
no increase in the effective dropping mass due to the inertia of the 
lift mechanism for these impacts. All tests were made with the strut 
vertical and without wheel prerotation. 
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PRESENTATION OF RESULTS 


Table I shows the test conditions investigated and gives experi- 
mental values of the contact or initial vertical velocity V Vo and the 

resulting maximum acceleration of the upper mass "y u /g. Also presented 
are values of the maximum landing-gear load Fg, defined as the force 
on the upper mass, which were calculated from -the acceleration measure- 
ments by means of the following equation: 


F g = w u if + y - Vl + M c yu 


Values of the landing- gear load factor n , defined as the ratio of F 

O O 

to the weight of the upper mass W u , are also given in table I. The 
weight of the tipper mass is equal to the total dropping weight Wrp 
minus the weight of the lower mass which, as previously mentioned, was 
131 pounds. 

The data from table I are presented in figures 3 and 4 which show 
the variations of Fg and ng with V y , and y u /g with v Vo > respec- 
tively, for constant values of Kj, at each of the four dropping weights. 
In order to permit a direct comparison of the effects of lift force and 
weight on F g , n g , and y u /g at constant values V v , the curves of 

figures 3 and 4 were cross-plotted against as shown in figures 5 

and 6 and against Wrp as shown in figures 7 to 9* 


DISCUSSION OF RESULTS 
Effects of Lift Force on Loads 


The curves in figure 5 show that in the lower range of lift forces 
(K l < 1 . 0 ) an increase in Kl (or in lift force) by a given amount results 
in a decrease in n g (or in F g ) by roughly the same amount throughout 
the middle range of As a typical example, figure 5(h), which 

presents the results obtained in tests with an intermediate weight 
(Wt = 2000 lb) , shows that an increase in Kl from 0 to 1.0 results in 
a reduction In ng of approximately 1.0 at a vertical velocity of 
7 feet per second. Variations in Kp produce -similar changes in ng 
for the other weights tested over the same range of Kp and V Vq . The 
corresponding values of y u /g vary only slightly as shown by the 
nearly flat curves in figure 6 and by the narrow band of data in fig- 
ure 4. This effect is to be expected since a change in Kl produces 
an opposite change in ng of approximately the same magnitude. 



6 


NACA TN 2645 


At the higher values of Vy Q for values of Kl less than 1.0 the 
curves of figures 5(a) and 5(h) show that changes in are accompanied 

hy much larger changes in ng. In this region the impacts are of such 
severity as to cause the tire to bottom or reach its maximum pneumatic 
deflection. The sudden increase in the stiffness of the tire when tire 
"bottoming occurs causes a sudden increase in the shock-strut telescoping 
velocity and, consequently, a sudden increase in the hydraulic resistance 
of the strut which results in greater values of ng. The load on the 
landing gear at which tire bottoming occurs is indicated in the figures 
by the horizontal line at 9500 pounds, which corresponds to the load on 
the tire at which the dynamic -load deflection characteristics radically 
change. At the highest velocities and largest dropping weights ■where 
tire bottoming may occur, therefore, an increase in K^ may prevent 

the tire from "bottoming and developing excessive values of ng. The 
effect of Kl on y* /g in the tire-bottoming region is shown in 
figures 6(a) and 6(h) by the rapid decrease in y u /g as is 

increased at the higher values of Vy^. 

At the lower values of V Vo for values of Kl less than 1.0 almost 

all the impact energy is comprised of the potential energy associated 
with the settling of the imbalanced weight to its static position. An 
increase in the lift factor in this region reduced n g by an amount 
slightly greater than the increase in Kl as shown, for example, by the 
curves in figure 5 for the limiting case of V Vo equal to zero. 

For the higher values of lift force (Kl > 1.0), the decrease in n g 
is generally not so great as the increase in Kp, particularly in the 
lower range of Vy 0 , as shown, for example, by the curves in figure 5(&) 
which include values of Kl up to 2.0. The corresponding values of 
Vu/g in this region increased with Kl as shown by the curves in fig- 
ure 6(d). At the highest velocities for values of Kl greater than 1.0, 
however, the change in ng again was approximately equal to the change 
in Kl and the effects of changes in Kl on y u /g again become quite 
small. 


Effects of Weight on Loads 

It can be seen from figure 7 that Fg increases with Wp for most 
of the range of V Vq and Kl, as would be expected. However, the increase 
in Fg is not in the same ratio as the increase in Wt. For example, 
in figure 7(a) at V Vq equal to 7 feet per second, an increase in Wq? 
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from 1000 to 2000 pounds or an increase in Wp "by a factor of 2 increases 
Fg from approximately 4150 to 6250 pounds or an increase in Fg by a 
factor of only 1.5. In general, the percent increase in Fg corre- 
sponding to an increase in Wp is much less than the percent increase 
in Wr particularly in the lowest range of V Vo and highest range of 
Kp, where Fg remains nearly constant. 

At the highest values of Vv 0 and lowest values of Kp, because of 
the effects of tire bottoming, an increase in Wt by a factor of 2 
resulted in an increase in Fg by nearly the same factor. In figures 7(a) 
and 7(b) it is of interest to note that at the highest values of Vy 0 
the slope of each curve following the transition from the pneumatic-tire- 
and-oleo shock absorber to the hard -t ire -and-oleo shock absorber is 
approximately the same as the slope of the curves below the tire -bottoming 
boundary. Because of the lack of data in the transition region, the 
fairing of the dashed part of the curves is somewhat arbitrary. 

Figure 8 shows that ng decreases quite rapidly with Wp for most 
of the range of V Vq and Kl investigated. This decrease would be 

expected since it was previous ly noted that over the same range of test 
conditions the percent increase in Fg was not so great as the corre- 
sponding percent increase in Wp. In the tire -bottoming region the 
transition from a pneumatic tire to a hard tire is again noted by the 
abrupt increase in the slope of the curves in figures 8(a) and 8(b) at 
11 feet per second. Following the transition, n g again decreases with 
further increases in Wp; 

The curves of figure 9 show that y^yg decreases quite rapidly 
with Wp for most of the range of V Vq and Kp investigated. As 
would be expected, the variations in yu/g are seen to be similar to 
those shown by the curves of figure 8 for n g ; however, because of the 
combined effects of dropping weight and lift force, n g is either greater 
or smaller t han y u /S depending upon the magnitude of the difference 
between the weight and lift force. 

Since, in general, values of y^/g were much greater for the 
lighter dropping weights, the results indicate that, if an aircraft is 
designed only for a max imum- or gross -weight condition, critical loads 
in attachments for concentrated weights such as engine mounts may occur 
during landings made in a light-weight condition, even though these 
attachments may be satisfactory for the heavy-weight condition. 
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SUMMARY OF RESULTS 


An investigation Las been made to determine the effects of lift 
force and weight on the loads developed in a small landing gear during 
vertical impacts covering a range of vertical contact velocities. 

The data show that, in general, for most of the range of test 
conditions, an increase in the lift factor reduced the landing- gear load 
by an amount which was roughly equal to the applied lift force. As a 
result, variations in lift force had only a slight effect on the maxi- 
mum accelerations of the upper mass. At the highest vertical contact 
velocities and for lift factors less than 1.0, however, tire bottoming 
occurred and changes in lift force were accompanied by much larger 
differences in landing-gear load. 

An increase in weight resulted in an increase in the maximum 
landing-gear load which was not proportionately so large as the 
increase in the weight. This relationship was Indicated by the rapid 
decrease in landing-gear load factor with increasing weight. The maxi- 
mum upper-mass acceleration as well as the landing-gear load factor was 
much higher for the lighter weights. This result indicates that aircraft 
may experience critical loads in attachments for concentrated masses in 
landings made under light-weight conditions. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., November l4, 1951 
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Figure 1.- View of landing gear and instrumentation 
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LANDIHG-GEAE SPECIFICATIONS 


Air-supporting area, sq in. 
Oil- supporting area, sq in. 
Air volume - extended, cu in, 

Stroke, maximum, in. . . . 


8.30 

6.78 

61.26 


Static extension, in, 


li 

8 


Fluid specification AN-W-0-33& 

Fluid volume, cu in 123 

Strut inclination to vertical, deg . . 0 

Tire diameter', in 27 

Tire type Smooth -contour (type I), 

nonskid tread 

Tire pressure, lb/sq in 32 

Landing-gear weigjit, lb 150 

Unsprung weight, lb 131 


Strut air pressure, P, lb/sq in. . . 


h t 

P 

extended 

^static 

2500 

43.5 

235.3 

2000 

34.3 

225.3 

1500 

25.1 

165 .O 

lOOO 

16.0 

104.8 


ininiiin/ni/iiiniiniiiimiiiniwii/iii/m/ui 



Figure 2.- Landi ng gear tested in Langley impact "basin 
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(c) = 1500 pounds. 


Figure 3.- Continued. 
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(d) Wy = 1000 pounds. 
Figure 3.- Concluded. 




Upper- mass acceleration, 
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0 Z 4 6 6 !0 IZ 


Initial vertical velocity y Z Vq , fps 

(a) = 2500 pounds. 


Figure 4.- Variation of upper-mass acceleration with vertical velocity. 



Upper- moss acc eleration 
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0 Z 4 6 8 /O !Z 


Initial vertical velocity , V Vq , fps 

(t>) Wj, = 2000 pounds. 

Figure 4.- Continued. 
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(c) Wj = 1500 pounds. 
Figure 4. - Continued. 



Upper- mass acceleration , -M 
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0 8 4 6 6 /0 /2 


Initial vertical velocity , V Vq , fps 

(d) V? T = 1D00 pounds. 


Figure 4.- Concluded. 
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(a) W T = 2500 ] 

Figure 5-- Effects of wing lift on land 

load facto: 
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(c) Wtj, = 1500 pounds. 


Figure 5.- Continued. 



Landmg-gear /cad,Fg, lb 
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(d) = 1000 pounds. 


Figure 5.- Concluded. 


Upper -mads occe/erof/or 


2b 
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(t>) = 2000 pounds. 


Figure 6.- Continued. 
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(c) w rp = 1500 pounds. 


Figure 6.- Continued. 
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(d) Wqi = 1300 pounds. 


Figure 6.- Concluded. 
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(b) = 0.90. 


Figure 7-- Continued. 
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(d) = 1.00. 


Figure J.- Continued. 









(e) = 1.25. 


■opping weigh f , Wj 3 lb 


(f) = 1 . 50 . (g) « 1.75 

•e 7*- Concluded. 
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(b) = 0.50. 

Figure 8.- Continued. 
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/OOO /WO 2000 2600 


Total dropping weight , Up, /b 


(c) Kj. = 0.75. 
Figure 8.- Continued. 
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(d) K l = 1.00. 

Figure 8.- Continued. 








Landing-gear load factor. 3 ng 
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Total dropping weight , Wp , !b 


(fl K, = 1.50. 

' ' j_i 


Figure 9.- Concluded. 












